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SEMICONDUCTOR MEMORY DEVICE HAVING

FUNCI'ION OF CONTROLLING SENSE
AMPLIFIERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor
memory device. More particularly it relates to a tech-
nique of controlling a sense amplifier in a dynamic ran-
dom access memory (DRAM) in a data write operation
thereof and thereby improving performance thereof in
the write operation

2. Description of the Related Art

A typical DRAM device includes a write amPhﬁer
circuit which amplifies complementary write data input
from the outside of the device and transmits the ampli-
fied data via complementary data lines to a selected pair
of complementary bit lines, together with a sense ampli-
fier provided for each pair of a plurality of pairs of bit
lines. In a general design of the device, the current drive
ability of each transistor used in the write amplifier
circuit is selected to be much higher than that of each
transistor used in the individual sense amplifier. This 1s
because, where the current drive ability of each transis-

tor used in the individual sense amplifier is designed to

be relatively high, an area occupied by the respective
sense amplifiers n a chip is increased.

In this connection, a prior art DRAM device carries
out its write operation utilizing the difference between
the above current drive abilities. In this case, there 1s no
problem where the device writes data of a logical level
same as data latched in the sense amplifier.

A problem occurs, however, where the device writes
data of a logical level opposite to data latched in the
sense amplifier. In this case, the device must invert the
latched state of the sense amplifier with the sense ampli-
fier being activated. Accordingly, past of the write
current fed from the write amplifier circuit leaks
through the activated sense amplifier until the latched
state is perfectly inverted. Thus, a problem occurs in
that power is uselessly dissipated and it takes consider-
able time to invert the latched state of the sense ampli-
fier. This leads to a prolongation access time in the
write operation and thus is not desirable.

Note, the problems in the prior art will be explained
later in detail in contrast with the preferred embodiment
of the present invention.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
semiconductor memory device which can remove use-
less dissipation of write current in the data write opera-
tion to thereby decrease power dissipated therein, while
realizing a high speed write operation thereof.

According to the present invention, there is provided
a semiconductor memory device including memory cell
array including a plurality of memory cells provided in
the form of a matrix along a plurality of word lines and
a plurality of pairs of bit lines; a plurality of sense ampli-
fiers operatively connected to the plurality of pairs of
bit lines; and a sense amplifier control unit operatively
connected to the plurality of sense amplifiers, when one
of the plurality of memory cells is selected and data
writing is carried out to the selected memory cell, for
selectively inactivating only a sense amphifier corre-
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2

sponding to the selected memory cell among the plural-
ity of sense amplifiers.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and features of the present invention
will be described hereinafter in detail by way of pre-
ferred embodiments with reference to the accompany-
ing drawings, in which:

FIG. 1 1s a circuit diagram showing a constitution of
a data input/output portion in a prior art DRAM de-
vice;

FIG. 2 is a block diagram showing a constitution of
the DRAM device according to an embodiment of the
present invention; '

FIG. 3 is a circuit diagram showing a constitution
corresponding to one column of the sense amplifier
circuit, the column gate circuit and the memory cell
array shown in FIG. 2;

FIG. 4 is a circuit diagram showing a constitution of |
the timing signal generating circuit shown in FIG. 2;

FIG. § is a circuit diagram showing a constitution of
the write control circuit shown in FIG. 2; and

FIG. 6 is a timing chart for explaining the operation
of the DRAM device in FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Throughout the description, identical references used
in connection with the drawings indicate like constitu-
ent elements and thus the repetition of explanation
thereof 1s omitted. *

First, for a better understanding of the preferred

embodiment of the present invention, the related prior
art will be explained with reference to FIG. 1.

FIG. 1illustrates a circuit constitution of a data input-
/output portion in a prior art DRAM device.

In a typical operation of the DRAM, when a poten-
tial of a word line (WLm) selected by a row address
input is changed from “L” level to “H” level, a cell
transistor (Q) in a memory cell (Mmn) connected to the
word line is turned ON. As a result, charges stored in a
cell capacitor (C) cause a difference voltage to be gen-
erated between complementary bit lines (BLn, BLXn)
which have been at an equal potential up to that time. In
this case, since a capacitance of the cell capacitor 1s
generally much smaller than a parasitic load capaci-
tance of the bit lines, the difference voltage between the
bit lines is also very small accordingly. To cope with
this, a sense amplifier (S/A) SAn 1s connected across
the bit lines to amplify the difference voltage, as shown
in FIG. 1. Moreover, a S/A dniver circuit 20 1s pro-
vided to drive the sense amplifier SAn.

The sense amplifier SAn is comprised of four transis-
tors, i.e., two p-channel transistors Qi, Qg and two n-
channel transistors Qz, Q4, constituting a CMOS flip-
flop. Also, the S/A driver circuit 20 inciudes a p-chan-
nel transistor Qi1, an n-channel transistor Q;2, a p-chan-
nel transistor Qi3 and an n-channel transistor Q14 con-
nected in series between power supply lines Vcc and
vss, and an inverter IV responsive to a sense amplifier
activation signal ¢g4. The transistors Q11 and Qi3 re-
spond to an output of the inverter IV}, and the transis-
tors Q13 and Q4 respond to the sense amplifier activa-
tion signal ¢sg4. Also, the sense amplifier SAn 1s con-
nected between a drive signal line PSA of higher voit-
age (drains of the transistors Qi1 and Qj2) and a drive
signal line NSA of lower voltage (drains of the transis-

tors Q13 Q14).
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In the above constitution, when a difference voltage
is generated between the bit lines BLn, BLXn and then
the sense amplifier activation signal ¢g4 1s changed to
“H” level, the transistors Qi1 and Qj4are turned ON. As

a result, potentials of the dnive signal lines PSA and
NSA are changed to “H” level and “L” level, respec-

tively. According to the difference voltage between the
bit lines BL.Ln and BLLXn, the sense amplifier SAn causes
the potential of a bit line of higher voltage to a change
~ to higher level and causes the potential of a bit line of
lower voltage to a change to lower level. As a result,
the difference voltage between the bit lines BL.n, BLXn
is amplified to a level difference between the power
supply voltages vcc and Vss. Namely, the sense ampli-
fier SAn detects data read out from the selected mem-
ory cell, amplifies the data and latches the amplified
data.

In this case, to ensure a stable operation, both the read
operation and the write operation are generally carried
out after the sense amplifier is activated. This 1s because,
for example, where the write operation is carried out
before the sense amplifier is activated, the write current
flows into the drive signal lines PSA and NSA.

Referring back to FIG. 1, reference 19 denotes a
write amplifier circuit for effecting data writing. The
write amplifier circuit 19 is constituted by: an inverter
IV, responsive to a write amplifier activation signal
¢ we;, NOR (Not-OR) gates NOj and NO; responsive to
an output of the inverter Ivy, and complementary write
data D and DX, respectively; inverters IV3 and IVy4
responsive to outputs of the NOR gates NOz and NOj,
respectively; a p-channel transistor Q;s5 and an n-chan-
nel transistor Q¢ connected in series between the
power supply lines Vcc and Vss, each responsive to an
output of the inverter IV3 and the output of the NOR
gate NO;, respectively; and a p-channel transistor Q17
and an n-channel transistor Qs connected in series be-
tween the power supply lines Vcc and Vss, each re-
sponsive to an output of the inverter IV4and the output
of the NOR gate NO», respectively. Each drain of the
transistors Qg and Qjs is connected to one of comple-
mentary data lines (DB) and each drain of the transis-
tors Q17and Qigis connected to another thereof (DBX).

In the above constitution, the data write operation 1s
carried out as follows: First, according to the input
complementary write data D and DX, the write ampli-
fier circuit 19 which has been activated by the write
amplifier activation signal ¢ wg causes each potential of
the complementary data lines DB and DBX to be ampli-
fied to “H” level (or “L.” level) and “L” level (or “H”
level), respectively. Next, when a potential of a column
selection line CLn selected by a column address input 1s
changed to “H” level, a column gate circuit (transfer
gate transistors Qs, Qg) is activated to connect the cor-
responding sense amplifier SAn to the complementary
data lines DB, DBX.

As previously mentioned, the current drive ability of
the data bus drive transistors Qis to Qg in the write
amplifier circuit 19 is generally designed to be much
higher than that of the transistors Q; to Q4 constituting
the individual sense amplifier SAn. In view of this, the
prior art DRAM device carries out its write operation
utilizing the difference between the current drive abili-
ties.

Where the device writes data of a logical level the
same as data latched in the sense amplifier SAn, there 1s
no problem. There is posed a problem, however, where
the device writes data of a logical level opposite to data
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Iatched in the sense amplifier SAn. Namely, the device
must invert the latched state of the sense amplifier with
the sense amplifier being activated. Accordingly, part
of the write current fed from the write amplifier circuit

19 leaks through the activated sense amplifier until the
latched state of the sense amplifier is perfectly inverted.

This results in problems in that power is uselessly dissi-
pated, and that it takes considerable time to invert the
latched state of the sense amplifier.

Next, the preferred embodiment of the present inven-
tion will be explained with reference to FIGS. 2 to 3.

FIG. 2 illustrates a constitution of the DRAM device
as an embodiment of the present invention. *

In the illustration, reference 1 denotes a timing con-
trol circuit including a timing signal generating circuit
2. a write control circuit 3 and an output control circuit
4. The timing signal generating circuit 2 responds to an
active low row address strobe signal RASX and an
active low column address strobe signal CASX fed
from the outside of the device, and generates a sense
amplifier activation signal ¢s4, an internal write amph-
fier activation signal ¢ wcand an internal output enable
signal dpc. The write control circuit 3 responds to the
sense amplifier activation signal ¢s4, the internal write
amplifier activation signal ¢ wcand an active low write
enable signal WEX fed from the outside of the device,
and generates a write amplifier activation signal ¢wg
and a data input control signal ¢p;. Also, the output
control circuit 4 responds to the write amplifier activa-
tion signal ¢wg and the internal output enable signal
boc, and generates an output enable signal ¢of.

Reference 10 denotes a memory cell array (MCA)
including memory cells provided in the form of a matrix
along a plurality of word lines WLi1 (1=0,1,, ... ,m, ..
.) and a plurality of pairs of bit lines (one pair 1s shown
by references BLn, BLXn in FIG. 3). As shown in FIG.
3, each memory cell Mij has the form of a DRAM cell
of one transistor (Q) and one capacitor (C) type. Also,
reference 11 denotes a row address buffer responsive to
a plurality of bits of upper the rank side of an address
signal ADD to and effecting a buffering thereof; refer-
ence 12 a column address buffer responsive to a plural-
ity of bits of the lower rank side of the address signal
ADD to and effecting a buffering thereof; reference 13
a row decoder for decoding the row address fed from
the row address buffer 11 and selecting one of the plu-
rality of word lines WLi; and reference 14 a column
decoder for decoding the column address fed from the
column address buffer 12 and selecting one of the plu-
rality of column selection lines CL,.

Also, reference 15 denotes a sense amplifier circuit
(S/A) for amplifying data read out from memory cells
connected to a selected word line. The sense amphifier
circuit 15 includes a sense amplifier SAn for each col-
umn, as shown in FIG. 3. Reference 16 denotes a col-
umn gate circuit (CLG), which responds to an activa-
tion of a selected column line CLj (“H"” level) and con-
nects the corresponding sense amplifier to the comple-
mentary data lines DB, DBX. The column gate circuit
16 also has the function of bringing the corresponding
sense amplifier to an inactivated state in response to the
write amplifier activation signal ¢wE in the data write
operation. Also, reference 17 denotes a data output
buffer which effects a buffering of data on the data lines
DB, DBX in response to the output enable signal Dog
and outputs the buffered data as an output data Dour,
and reference 18 denotes a data input buffer which
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effects a buffering of an input data Dy and outputs the
buffered data as complementary write data D and DX.

Reference 19 denotes a write amplifier circuit which
amplifies the complementary data D and DX in re-
sponse to the write amplifier activation signal ¢ wegand 5
outputs the amplified data to the data lines DB and
DBX. Also, reference 20 denotes a S/A driver circuit
which drives the drive signal lines PSA and NSA in
response to the sense amplifier activation signal ¢s4and
thus drives the sense amplifier circuit (S/A) 15. Respec-
tive constitutions of the write amplifier circuit 19 and
the S/A driver circuit 20 are the same as those shown n
FIG. 1.

FI1G. 3 illustrates a circuit constitution corresponding
to one column of the sense amplifier circuit (S/A) 18,
the column gate circuit (CLG) 16 and the memory cell
array (MCA) 10.

The column gate circuit (CLG) portion includes, in
addition to the transfer gate transistors Qs, Q¢ shown 1n
FIG. 1, a NAND (Not-AND) gate NA responsive to
the write amplifier activation signal & wrand a signal on
the column selection line CL.n. Also, the sense amplifier
circuit (S/A) portion includes, in addition to the sense
amplifier SAn shown in FIG. 1, an inverter IV, a p-
channel transistor Q7 and an n-channel transistor Qs.
The inverter IV responds to an output of the NAND
gate NA. The p-channel transistor Q7 is connected be-
tween the drive signal line PSA and each source of the
p-channel transistors Q, Qg in the sense amplifier SAn
and responds to an output of the inverter Iv. Also, the
n-channel transistor Qg is connected between the drive
signal line NSA and each source of the n-channel tran-
sistors Q2, Q4in the sense amplifier SAn and responds to
the output of the NAND gate NA.

FIG. 4 illustrates a constitution of the timing signal
generating circuit 2 shown 1 FIG. 2.

The illustrated circuit is constituted by: an inverter
201 responsive to the row address strobe signal RASX;
an inverter 202 responsive to an output of the inverter
201; a word line (WL) timing control circuit 203 re-
sponsive to an output of the inverter 202; a sense ampli-
fier (S/A) control circuit 204 responsive to an output of
the WL timing control circuit 203 and outputting the
‘sense amplifier activation signal ¢s4; a NAND gate 203
responsive to the output of the inverter 202 and an
output of an inverter 208; an inverter 206 responsive to
an output of the NAND gate 205; a NOR gate 207
responsive to an output of the inverter 206 and the
column address strobe signal CASX; the inverter 208
responsive to an output of the NOR gate 207; an in-
verter 209 responsive to the output of the inverter 208;
an inverter 210 responsive to an output of the inverter
209 and outputting the internal output enable signal
¢oc;, and a NOR gate 211 responsive to the output of
the inverter 202 and an output of the inverter 210 and 55
outputting the internal write amplifier activation signal
dwe.

FIG. § illustrates a circuit constitution of the write
control circuit 3 shown in FIG. 2.

The illustrated circuit is constituted by: an inverter 60
301 responsive to the internal write amplifier activation
signaldwc, a NOR gate 302 responsive to an output of
the inverter 301 and the write enable signal WEX; an
inverter 303 responsive to an output of the NOR gate
302; a NAND gate 304 responsive to an output of the 65
inverter 303 and an output of a NAND gate 305; the
NAND gate 305 responsive to an output of the NAND
gate 304 and an output of an inverter 309; an inverter
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306 responsive to the output of the NAND gate 304; an
inverter 307 responsive to an output of the inverter 306;
a NAND gate 308 responsive to an output of the in-
verter 307 and the internal write amplifier activation
signal ¢ wc; an inverter 309 responsive to an output of
the NAND gate 308 and outputting the data input con-
trol signal ¢pi1; an inverter 310 responsive to the sense
amplifier activation signal ¢s4; a NOR gate 311 respon-
sive to an output of the inverter 310 and the output of
the NAND gate 305; an inverter 312 responsive to an
output of the NOR gate 311; and an inverter 313 respon-
sive to an output of the inverter 312 and outputting the
write amplifier activation signal ¢ wk.

In the above constitution, the data write operation 18
carried out as follows: Namely, when the write ampl-
fier activation signal ¢ e is changed to “H” level and
the signal on the selected column selection line CLn is
changed to “H” level, the output of the NAND gate
NA is changed to “L” level and thus the output of the
inverter IV is changed to “H” level. Accordingly, the
transistors Q7 and Qg are both cut off. As a result, the
sense amplifier SAn connected to the bit lines BLn,
BLXn corresponding to the selected memory celi 1s
brought to an inactivated state. On the other hand, since
the transfer gate transistor Qs, Q¢ are turned ON by the
“H” level signal on the column selection line CLn, the

- corresponding complementary bit lines BLn and BLXn

are connected to the complementary data lines DB and
DBX, respectively.

Thus, it is possible to use all of the write current fed
from the write amplifier circuit 19 in the write operation
to thereby amplify levels of the complementary bit lines
BLn, BLXn in phase with the write data on the comple-
mentary data lines DB, DBX. In other words, it 1s possi-
ble to remove useless dissipation of the write current in
the data write operation and thereby decrease power
dissipated in the entire DRAM device.

Also, since the sense amplifier SAn 1s inactivated
even in the write operation of data of a logical level
opposite to data latched in the sense amplifier SAn, it 1s
possible to solve the problem, as seen in the prior art, in
that part of the write current leaks through an activated
sense amplifier. Accordingly, it is possible to reduce
time required for inverting the latched state of the sense
amplifier. As a result, respective signal levels of the
complementary bit lines BLn, BLXn can be rapidly
changed according to the write data on the complemen-
tary data lines DB, DBX. This contributes to a high
speed write operation.

For reference, the relationship between respective
signals pertaining to the operation of the present
DRAM device is shown in the timing chart of FIG. 6.

Although the present invention has been disclosed
and described by way of one embodiment, it i1s apparent
to those skilled in the art that other embodiments and
modifications of the present invention are possible with-
out departing from the spirit or essential features
thereof. |

We claim:

1. A semiconductor memory device comprising:

a memory cell array including a plurality of memory
cells provided in the form of a matrix along a plu-
rality Of word lines and a plurality of pairs of bit
lines;

a plurality of sense amplifiers operatively connected
to the plurality of pairs of bit lines; and

sense amplifier control means operatively connected
to the plurality of sense amplifiers, when one of the
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plurality of memory cells is selected and data writ- a sense amplifier driver circuit, responsive to a sense

ing is carried out to the selected memory cell, for
selectively inactivating only a sense amplifier, cor-
responding to the selected memory cell among the
plurality of sense amplifiers. 5

amplifier activation signal, for driving the pair of
drive signal lines and thus driving a sensor ampli-
fier corresponding to one of the plurality of mem-
ory cells selected for data reading or writing;

2. A semiconductor memory device as set forth in a write amplifier circuit, responsive to the control

claim 1, further comprising first and second transistors
for connecting each pair of the plurality of pairs of bit
lines to a pair of complementary data lines in response
to a corresponding column selection signal, 10
wherein the sense amplifier control means comprises
a pair of drive signal lines for driving the plurality
of sense amplifiers, third and fourth transistors
connected between the pair of drive signal lines
and each sense amplifier, respectively, and a gate
circuit for controlling ON/OFF operations of the
third and fourth transistors in response to the cor-
responding column selection signal and a control
signal which is activated in the write operation,
whereby both the control signal and the column se-
lection signal corresponding to a memory cell se-
lected in the data write operation are activated to
thereby bring the first and second transistors to an
ON state and bring the third and fourth transistors ;s
to an OFF state.
3. A semiconductor memory device as set forth in

20

15 S,
claim 4, wherein the timing control circuit comprises:
a timing signal generating circuit, responsive to the

signal which is activated in the write operation, for
amplifying complementary data input from an out-
side of the device and transmitting the amplified
data to the pair of complementary data lines; and

a timing control circuit, responsive to a row address

strobe signal, a column address strobe signal and a
write enable signal, for generating the sense ampli-
fier activation signal and the control signal.

A semiconductor memory device as set forth in

row address strobe signal and the column address
strobe signal, for generating the sense amplifier
activation signal, an internal write amplifier activa-
tion signal and an internal output enable signal;

a write control circuit, responsive to the sense ampli-

fier activation signal, the internal write amplifier
activation signal and the write enable signal, for
generating a write amplifier activation signal
which is the control signal and a data input control
signal; and

claim 2, wherein the gate circuit includes a NAND gate an output control circuit to responsive to the write

responsive to the corresponding column selection signal
and the control signal which is activated in the write 30
operation, and an inverter responsive to an output of the

NAND gate, an output of the inverter and the output of 6.

amplifier activation signal and the internal output
enable signal, for generating an output enable sig-
nal.

A semiconductor memory device as set forth in

the NAND gate being applied to each gate of the third claim 1, wherein each of the plurality of memory cells
and fourth transistors, respectively. has the form of a dynamic cell of one transistor and one
4. A semiconductor memory device as set forth 1n 35 capacitor type.

claim 3, further comprising:
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